Introduction
Nitrogen ceramics are used for numerous engineering applications, especially silicon nitride and sialon which possess excellent mechanical properties, such as high strength, thermal shock and wear resistance, and good chemical inertness. The previous reports showed that low-cost β -sialon powders can be prepared by CS, 7)~10) nevertheless, less effort has been focused on the composition control of produced β -sialon powder due to complexity of the formation in such a multicomponent system. Recently, the production of β -sialons powder with z = 1 have been reported and the properties of its sintered materials have been thoroughly studied. 11) In this paper, the synthesis of singlephase β -sialon powder with z = 2 by CS process is demonstrated. The sinterability of the synthesized powder was also studied by the spark plasma sintering (SPS Single-phase (β -SiAlON (Si4Al2O2N6, z = 2) powder has been prepared by the combustion synthesis method. The raw materials (Si, Al and SiO2) were combusted with different ratios of (β -SiAlON (z = 1) diluent (0, 10, 20, 30, 40, 50 wt%) in 1 MPa of N2 pressure. Without diluent, the reaction temperature was very high (> 2000°C) and the product contained metal Si residue besides (β -SiAlON product. Both the reaction temperature and amount of residual Si decreased gradually with the increase of diluent content up to 50 wt%. At 50 wt% dilution, the combustion temperature was 1859°C and the XRD analysis showed complete conversion to pure (β -SiAlON (z = 2). The individual peaks of (β -SiAlON (z = 1) diluent were also detected in the XRD patterns and disappeared after using the product itself as a diluent five time repeats of combustion at which single-phase (β -SiAlON (z = 2) was produced. The sinterability of the best synthesized powder was further studied by spark plasma sintering (SPS) with 5 wt% Y2O3 as a sintering aid. High densification (~97.3%) was obtained after sintering at 1600°C for 5 min under 30 MPa pressure with heating and cooling rates of 100°C/min. The Vickers hardness and fracture toughness of the sintered SiAlON were 14.8GPa and 4.4 MPam
The raw materials used in this study were silicon metal (99.5% Si, 3μm), silica (10μm), aluminium metal (99.5% Al, 22μm) and β -sialon powders (z = 1, 7.5μm, as a diluent). The starting composition used to synthesize β -SiAlON (z = 2) phase was calculated based on the following equation :
The experimental procedure is illustrated in Fig. 1 The sinterability of the synthesized sialon powder was studied using the spark plasma sintering (SPS). The assynthesized powder was crushed and screened using a 220μm sieve and then wet-milled by planetary mill in 2-propanol medium using Al2O3 balls. The amount of alumina contaminated from milling media was very small and not taken into account. A 5-wt % yttria powder was added to pulverized powder as a sintering aid. The powder mixture was placed inside 10 mm diameter graphite die and then sintered using Dr. Sinter ® Model 1050 SPS apparatus (Sumitomo Coal Mining Company, Ltd., Japan).
The schematic diagram of SPS system is shown in Fig. 3 . 
where Hv Vickers hardness, E Young's modulus, c radius of the surface crack, a half-diagonal of the Vickers indent, l parameter defined as c-a, and φ a constant taken as 3.
The microstructure of fractured surfaces of sintered samples was observed by FE-SEM. (Fig. 4) . With the addition of diluent (z = 1), both the combustion temperature and remained metal silicon decreased gradually with the increase of diluent content up to 50 wt%. At this value, the combustion temperature was about 1859°C as seen in Fig. 5 . After 50 wt% diluent addition, silicon-free sialon product was obtained and the complete conversion to (β -SiAlON was achieved. However, some peaks corresponding to (β -SiAlON diluent (z = 1)
was present besides the peaks of z = 2 phase (as seen in Table 1 . A SEM image of its fractured surface is shown in Table 1 Properties of sintered Si4Al2O2N6 (z = 2). 
